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ADDRESSING WATER INEQUALITY IN RURAL CALIFORNIA

EAST OROSI CLEAN WATER INITIATIVE
Julia Carroll, Peter Naughton, Trey Novara
Department of Civil, Environmental and Sustainable Engineering

Santa Clara University, Spring 2021
Abstract
The California water crisis has left over one-million residents without potable water. This crisis
is due to a multitude of issues: climate change, drought, groundwater overdraft and groundwater
contamination. This technical report reviews solutions to the implications of groundwater well
contamination. Pollutants contaminate aquifers, affecting small rural communities; one such
location is East Orosi, Tulare County, California, a community of 700 people. The community’s
only water source is a nitrate-contaminated well. Contamination can be lethal, and a solution to
provide the region with potable water is necessary. This technical report summarizes a broad
scope of solutions that East Orosi can choose from to address their water crisis: an immediate
water relief plan, a new groundwater well, a pipeline diverting clean water into the existing East
Orosi water distribution system, and a water treatment plant. A preliminary cost analysis and
general scope for each solution has been detailed. A comparison of each proposed solution has
found that the most suitable design is the construction of a new groundwater well to reach a
lower, uncontaminated aquifer. The team recommends East Orosi’s community conduct a
hydrogeologic analysis of the local aquifers to determine if there is sufficient potable water
before pursuing the construction of a new well.
Keywords: Water Inequality, Water Treatment, Multiple Design Approach
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Introduction
California’s land has various uses, from sprawling metropolitan areas to fantastic farmlands and
even awe-inspiring wilderness. The stunning diversity this State has to offer is dependent on one
resource: water. Water, however, is extremely limited due to the California's Mediterranean
climate. This lack of water is being exacerbated by the mistreatment of groundwater.
Nitrate is a ubiquitous groundwater contaminant. The American Society of Agronomy reports
that 96% of nitrate contamination in groundwater is due to farm runoff [16]. This abuse of
groundwater aquifers is impacting many rural communities in California. For the past 10 years,
the unincorporated town of East Orosi, Tulare County, has been one of these impacted
communities.

Figure 1: The map on the left shows the location of East Orosi on a map of California, while the
map on the right shows a zoomed in layout of the East Orosi Community.
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It is surrounded by farmland, and nitrate infiltration has made their aquifer undrinkable. Nitrate
concentration regularly exceeds the Maximum Concentration Level (MCL) set forth by the
Environmental Protection Agency (EPA). It is important to note that East Orosi also has issues
with total coliform bacteria, perchlorate, and barium though nitrate is the greatest contaminate of
concern (Appendix G-4). The EPA has a warning on nitrate consumption because it affects blood
carrying oxygen and can cause methemoglobinemia, which is also known as blue baby
syndrome. Blue baby syndrome can cause the skin to turn a bluish color and can result in serious
illness or death [12].
To obtain clean water, the unincorporated community of 700 relies on bottled water [5]. They
obtain it from a water providing company, WaterMill, that costs 500 times more than the Orosi
Utility District’s tap water price [21 & 22]. The residents are forced to pay for water twice - once
for water from their tap that they cannot drink - and again when they drive to buy jugs of potable
water. This extra cost to receive water adds a financial burden on families, as this community
consists of primarily low-income families [19].
The water inequality has been a known issue, and there has been local advocacy for the State to
address the problem. The California State Water Resources Control Board (State Water Board)
responded by mandating, through the Safe Water Drinking Act, the consolidation of East Orosi’s
drinking water service with the neighboring Orosi’s drinking water service [20]. Despite that,
Orosi is choosing to not comply; they see no benefit for their own community [11]. The State
Water Board’s mandate has no enforcement measures, and compliance from Orosi is voluntary.
Therefore, supplying safe drinking water to East Orosi poses the community with a significant
challenge.
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Providing East Orosi with clean drinking water promotes human dignity. The East Orosi Clean
Water Initiative has designed four alternatives to encourage social justice. Each option will be
compared to evaluate which industry standard solution is optimal for the community, based on
the grading matrix: cost, schedule, constructability, feasibility, and political practicality.
However, the final decision will be the one chosen by community leaders.
Analysis of Alternatives
Bulk Water Injection System Analysis of Alternatives
This section of the report contains an overview, cost estimate, timeline, and the necessary
inclusions for the development of an immediate water relief plan. The scope of an immediate
water relief plan was derived from the Federal Emergency Management Agency (FEMA)
immediate disaster relief recommendations [13]. The recommendations include three alternative
solutions; bulk or bottled water provided regionally, injecting bulk water into the existing
distribution system, or interconnecting a neighboring water utility.
As the community purchases water bottles as the primary source of potable water, the double
payment system acts as a control for the other alternatives. The monetary cost of the double
payment system was determined to be $3 million over the span of two years. The environmental
cost is attributed to the CO2 generated from traveling, and the continuous pollution from the
single use plastics used. An alternative water relief plan must decrease the costs associated with a
double payment system in the short term and distribute water to all community members.
With this in mind, the team investigated the use of a bulk water injection plan and
interconnecting into neighboring utilities. As interconnection requires extensive construction and
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planning; the length of time required for its implementation was not seen as a short-term
solution. Ultimately, the team determined that bulk water injection was the only feasible
immediate water relief plan. This system would require a 10,000-gallon water delivery truck to
retrieve water from the Orange Cove Water Treatment Facility four times a day to fill a 100,000
gallon tank connected to the East Orosi water main. The cost over a two (2) year period was
determined to be $615,000 and the break-even point compared to the double payment system
occurs 114 days after the implementation (Appendix B-1). An immediate water relief system
aims to alleviate the economic and health impacts that community members are currently
experiencing.
The Bulk Water Injection System is purposefully simplistic to allow for rapid construction. The
small, community-scale water delivery system is the simplest solution for a few reasons:
straightforward construction, rapid implementation, consistent water price, purchasable
components, low maintenance, and limited water capacity. Utilizing a water tank to distribute
water to a community is standard practice. The Bulk Water Injection System will allow the
community to access a potable source of water while a long-term solution is being developed.
New Well Facility Analysis of Alternatives
The first long-term solution addressing East Orosi's water issue is to obtain potable water from a
newly dug well. The benefit of digging a new well is that it avoids any possible complications
due to tying into an existing town’s system. Well designs are location based, and consequently,
the main alternative for the New Well Facility pertains to the location. In theory, it is possible
that East Orosi’s current groundwater well is drawing from a contaminated part of the aquifer
and that there is an alternative, uncontaminated well location nearby.
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The possibility of creating a new well has been pursued by other entities who studied East
Orosi’s water issues. Specifically, a study conducted by Self Help Enterprises, revealed a
possible well connection to a non-contaminated aquifer located under a vacant lot owned by the
Cutler-Orosi Joint Unified School District, located three (3) miles outside of East Orosi, and 500
feet (ft) below the earth’s surface. The well design is a standard drill operation and will cost $2.8
million (1). The construction will have minimal environmental impact. A groundwater analysis is
required to confirm the well meets Sustainable Groundwater Management Act criteria, as rising
concern in California requires wells to continue to be deeper, creating immense issues for the
water crisis.
Pipeline Connection Analysis of Alternatives
The second long-term solution addressing East Orosi's water issue is to obtain potable water
from a neighboring community. A pipeline connecting a nearby water treatment plant to East
Orosi's water distribution system is one such solution. The complexity of this solution is in
finding a reliable connection point, after which equipment can be sized to fit the growing needs
of the community.
The Pipeline Connection alternative analyzes a pipeline’s connection locations, water storage
system, pipe material, and pipe size. The locations a pipeline could connect to include the water
treatment plant in Orange Cove, the current potable water distribution system in Orosi, or a
newly dug well. While the connection to the water distribution pipeline in Orosi would be the
shortest length, there is opposition from the Orosi community to provide drinking water to East
Orosi. This is a political issue that creates a level of complexity that cannot be avoided.
Connecting to Orosi’s system may cause complications to their distribution system, as additional
5

flow may cause significant pressure drops. For those reasons, a design alternative connecting
East Orosi to Orosi is not feasible, so this design alternative was not pursued.
Another alternative is connecting East Orosi to an existing water treatment facility at Orange
Cove. The benefit of this system is that the water treatment plant already has a steady supply of
surface water from Friant Kern Canal and the facilities to clean the water. This plant is six (6)
miles away from East Orosi than the other points of connection. This pipeline requires over
seven (7) miles of piping, significantly increasing the cost for material procurement and
installation. The pipeline is routed to circumvent major waterways; however, crossing the minor
water way, Sand Creek was unavoidable. This mitigates potential environmental impacts to
major water systems. Construction near active waterways creates the possibility of construction
debris and contamination entering the water. Extra caution and techniques would therefore be
required at this section of the pipeline. This option would require further analysis of the effects
on Friant Kern Canal; this needs to be completed before the project begins. This would be done
to ensure that East Orosi’s additional consumption does not lead to water shortages downstream
of the canal. Considering this analysis, the team recommends pursuing the Orange Cove water
treatment facility connection alternative.
The next component needed is a facility to store water at the connection point. The benefit of a
storage tank is that it allows the water treatment plant to run at a consistent rate without being
affected by minor water demand shifts. There were three (3) options for storing the potable
water: a water tower, hydropneumatic tanks, or ground storage tanks with constant pumping.
Water towers are a popular alternative because their elevation allows for a constant water
pressure regardless of demand. A water tower’s main drawback is its susceptibility to
6

earthquakes. Water towers have the majority of their weight elevated above ground and lack
support. With the high probability of earthquakes in California, there has been a movement in
this region away from water towers. The team chose not to pursue this alternative for that reason.
A hydropneumatic tank is a useful piece of equipment that maintains constant pressure during
minor water demands. This lessens the strain on the pump, as they are not designed for small,
inconsistent demands, relative to their average operating range. Hydropneumatic tanks have
become a more popular replacement for water towers. They are safer in the event of an
earthquake and are a less costly alternative for small communities. Hydropneumatic tanks have
limited capacities and require additional water storage to meet the EPA requirements of available
clean water and the community’s needs. This lack of storage is the major factor that prevents
hydropneumatic tanks from acting as a direct replacement of water towers. Despite this, a
hydropneumatic tank is included in this design in conjunction with a ground-level water tank.
The ground-level water tank with pumps is simplistic and lowers the initial costs. The biggest
drawback is that it requires constant pumping and does not provide a consistent pressure in the
system. To counteract issues caused by low flows, a hydropneumatic tank can be incorporated in
the system. This allows the ground level tank to act as storage for the water treatment plant, and
pump stations can supply water during average to high use.
Pipe material and size were selected based on cost and the expected future capacity of the
system. The common pipe materials used in water mains are polyvinyl chloride (PVC) and
ductile iron. Both products are relatively smooth, durable, and low cost. PVC pipes are slightly
smoother that creates less frictional head loss that becomes a factor in longer pipelines. While
PVC pipes are not allowed per the California Plumbing Code [18], many areas overrule this by
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including them in their district code. Alternatively, ductile iron is a highly utilized material,
allowed in the CBC, even though it creates greater frictional head loss than PVC. Since East
Orosi does not have an area specific building codes, ductile iron was chosen.
After choosing a material, the pipe size was determined. The pipe size was based on flow
allowance and head loss, as some pipes could handle the flow, but created significant amounts of
head loss, requiring larger pumps. Per the recommendation of a professional advisor (Mr. Steven
Tarantino), 10 inch pipes were used. These 10 inch pipe sizes would create less head loss than
the previously used 6 inch pipe, account for East Orosi’s future growth, and allow for future
branches to the pipeline if needed.
An analysis with the pipeline analysis and design software Watergems was performed based on
the aforementioned design alternatives. The final design of the Pipeline Connection includes a
pipeline from the existing water treatment center located in Orange Cove, 10 inch pipe, a ground
level tank, and a hydropneumatic tank. This design can meet the current and future needs of East
Orosi with minimal chance of complications or failures.
Water Treatment Plant Facility Analysis of Alternatives
The third proposed long-term solution to East Orosi’s water issue is a water treatment plant
seeking to remove the contaminants in the local water. Without available hydrogeological
reports, it is assumed that all local aquifers have the same level of contamination. The team
based the Water Treatment Plant Facility design on the current groundwater well. Further
analysis of this aquifer is needed to confirm that assumption. As a result, the end design for the
Water Treatment Plant Facility is a short pipe system connecting the original well, located in the
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middle of East Orosi, to the proposed Water Treatment Plant Facility, located in the southwest
corner of East Orosi.
According to the State Water Board’s report [9], East Orosi's well water is contaminated with
toxic chemicals and coliform bacteria. Therefore, the water only needs to undergo deionization
and chlorination. There are two (2) alternatives to deionizing the water, and each is to be
followed with the addition of chlorine.
An ion exchange column is a container filled with electrostatically-charged resin exchange
beads. As water passes through the container, charged counterions in the water are attracted to
the surface of the beads removing them from water.
There are two options for the design of the ion exchange system. There can either be a cation
exchange removal column followed by an anion exchange removal column, known as a separate
resin ion exchange system, or there can be one column that removes both anions and cations,
known as a mixed resin ion exchange column, as seen in Figure 1. The other design decision is
the selection of the exchange resin manufacturer. The team selected ResinTech Inc.’s CG8 and
SBG1 resins due to their efficiency in removing nitrate and their affordable cost [2 & 17]. The
manufacturer’s specification can be found in Appendix G-1 & G-2.
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Figure 2: The two (2) possible deionization processes being considered as design alternatives.
In a mixed resin exchange system, there is only one (1) ion exchange column filled with both
types of resins. This system removes high concentrations of cations and anions replacing them
with sodium and chloride, respectively. The downside to this is a complicated resin regeneration
process, as the exchange resin needs to be regenerated by replacing the adsorbed ions brining the
resin back to its original states. The mixed ion exchange resin design has a more complicated
regeneration process because the resin needs to be sorted and regenerated with different solutions
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all within one column. It requires more involved equipment and a trained technician to oversee
the process, resulting in a higher cost.
Alternative to a mixed ion exchange resin, a separate resin exchange system is an efficient way
to treat potable water. The separate exchange columns offer sufficient removal of ions. This
design’s main appeal is easy resin regeneration. This regeneration can happen without any
sorting necessary, and the work can be completed by an employee with comparatively little
training compared to the other design alternative. Overall, this operation has a relatively low
cost.
Of the two alternatives presented, the water treatment facility utilizing the separate resin
exchange system followed by chlorination is the preferred design. This design offers sufficient
removal of contaminants at a lower cost while requiring less technical maintenance. It was
determined that the additional purity that the mixed resin exchange system offered was not worth
the additional economic strain placed upon the community of East Orosi. Additionally, it was
unclear if a treatment plant operator with the technical background needed is available locally in
the rural community. Environmental impacts were considered, but they were not a factor when
choosing between the alternative designs, as their impacts are nearly identical.
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Design Criteria and Standards
The criteria dictating the proposed designs come from the following documents: the EPA’s
Planning for an Emergency Drinking Water Report, the California Plumbing Code, and the
California State Water Quality Standards. East Orosi’s projected population water usage was
also considered as design criteria.
The EPA’s Planning for an Emergency Drinking Water Report is the basis of the proposed
immediate water relief plan [13]. A successful relief plan needs to be implemented rapidly
during the completion of the long-term design. As well as meeting the current population’s
potable water needs, the relief plan must preemptively account for minor population changes
during the execution of the long-term plan. The U.S. National Academies of Sciences,
Engineering, and Medicine recommends every individual need one (1) gallon per person per day
to meet an acceptable minimum of water consumption [15]. While the bare minimum
recommended water consumption is one (1) gallons per person per day, the team designed for
California’s average indoor water use of 55 gallons per person per day.
The requirements for pipework are outlined in the California Plumbing Code [18]. This section
covers water supply and distribution. The code outlines the minimum flow rate required to meet
the community's needs, 40 pounds per square inch (psi), and the additional extra flow rate
needed to supply the fire hydrants. The flow rate projections of East Orosi’s current population
based on 80 gallons per person per day create a high variance from the estimated peak, 140
gallons per minute (gpm), versus estimated lows, 23 gpm. This requires the system to be able to
meet both metrics without failure.
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The long-term proposed solutions must have the ability to service a community quadruple the
current population size, which was nearly 1,000 people as of 2018 [19]. Assuming a continuous
population growth of 2.47% each year for the next 50 years, the population is expected to reach
3,387 people by 2068 (3). Capital improvement projects like these have an intended life cycle of
nearly 50 years, but realistically remain in operation beyond 50 years. Despite this prolonged
facility lifespan, it is acceptable to design for the 50 year population projection, as this is a
higher-end estimate that does not consider the limited availability of land and other resources at
East Orosi. The expectation of 3,387 people dictates the water requirements for any proposed
solution. Assuming that the indoor water needs are 80 gallons per person per day, East Orosi is
projected to consume 271,000 gallons per day by 2068 [10].
The EPA and the State Water Board have MCLs that dictate the highest concentrations of
contaminants in potable water. The State standards can be more stringent and, therefore,
controlling factors in the design. The State Water Board 2019 Consumer Confidence Report for
the East Orosi well reports four (4) contaminants that surpassed the acceptable consumption
limit: total coliform bacteria, nitrate, perchlorate, and barium (Appendix G-4). The reported
levels for each of the contaminants and the expected limits are reflected in Table 1 [9]. The well
was tested on a monthly basis for any bacteria presence. All other contaminants were tested
quarterly, and results were reported in parts per million (ppm) or parts per billion (ppb).
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Table 1: Contaminants found in East Orosi’s groundwater supply compared to the State and
Federal maximum contamination levels (9).

Contaminate

Level Detected

EPA Limit Primary

California Limit

Coliform Bacteria
(months in violation)

1

0

1

Nitrates (ppm)

10.1

10

N/A

Perchlorate (ppb)

5.1

N/A

0.06

Barium (ppm)

5.54

1.5

1
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Description of Designed Facility
Bulk Water Injection System

Figure 3: The image depicts a 10,000 gallon truck retrieving water from a pumping station at the
Orange Cove Water Treatment Facility, seven (7) miles away from the East Orosi community.
Reference Appendix A-1 for full specifications.
The community is currently purchasing bottled water from a watermill, one (1) mile from East
Orosi, at 12561 Avenue 416, Orosi, CA 93647, to meet their drinking needs. The team, however,
determined that the community is overpaying for bottled water through a cost comparison that
can be found in Appendix A-1. As long-term solutions will take years of development and
construction, it is necessary to implement an immediate relief solution to alleviate the economic
hardships created by having to pay for contaminated water through the double payment system.
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The logistics plan was centered around where potable water could be sourced in bulk. For this
plan, it was assumed that water could be purchased from a neighboring water treatment facility.

Figure 4: The map on the left shows the distance from East Orosi to the Orange Cove Water
Treatment Facility, while the right shows the distance from East Orosi to the Reeley Water
Treatment Facility.
The two closest facilities are the Orange Cove Water Treatment Facility and the Reeley Water
Treatment Facility, which are respectively eight (8) miles and 14 miles from East Orosi. Orange
Cove Water Treatment Facility was determined to be as viable as the Reeley Water Treatment
Facility, as the political hurdles are equivalent in accessing water. As there is a limited amount of
water in the California Central Valley, an appropriative water right is required from the State. In
this situation, the Cove Water Treatment Facility would acquire the water right. Expansion of the
existing water right is beneficial to the Cove Water Treatment Facility, which makes this a
practical solution. In turn, the East Orosi will negotiate a guaranteed rate on water acquisition
during the development of a long-term solution.
Once an agreement is reached between East Orosi and a potable water supplier, a water delivery
truck supply route can commence. The most effective system minimizes trips between the
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community and the provider. This approach avoids buying non-commercial items to keep costs
low and reduces the dependency upon single use plastics. In this case, a 10,000-gallon water
truck would be sufficient, at the cost of $120,000. This one-time purchase will be usable for the
entire span of the immediate relief plan with little maintenance.

Figure 5: The image depicts a 10,000 gallon tank specification for transferring water to the East
Orosi community. Reference Appendix A-2 for full specifications.
The 10,000 gallons that the truck holds is only a quarter of a day's required amount of water.
Instead of purchasing a fleet of trucks, it is more cost-effective to invest in one truck and the
construction of a storage container. A 100,000 gallon galvanized steel water tank costs $200,000
and can hold two (2) days’ worth of water for the community if any issues with the delivery
system occurs.
The water injection system supplements the previously described water delivery system by
pumping the water to East Orosi’s existing pipe infrastructure. This addition will require three
(3) parts; a pump from the galvanized steel tank, halting current well water retrieval, and a
17

connection into the existing system. The steel tank is located on the same site as the existing
water well to minimize the impacts on the current water supply. The pump from the well is then
to be retrofitted to connect to the tank. This retrofit requires the system to be flushed out to
remove any contamination. Injecting water into the existing pipe infrastructure allows a water
distributor to more easily record how much water is used with existing meters.
For environmental concerns, the large amount of embodied carbon created through the Bulk
Injection System totals roughly 150,000 pounds of embodied carbon (Appendix D-1).
Acquisition of the water from Orange Cove will require an appropriative water right. The
acquisition has a chance of receiving a push back from the farms currently reliant on the water
source. This will ultimately require State Water Board approval to mitigate any consequences.
An environmental impact report is required to make this determination.
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Description of the New Well Facility

Figure 6: A well designed for the East Orosi Community located on a Cutler-Orosi owned lot.
Reference Appendix A-3 for full specifications.
Well construction is common practice in the Central Valley due to the relative abundance of
groundwater compared to surface water, and low construction cost. The community has access to
two (2) contaminated wells for their water needs, but a lack of maintenance has rendered one
completely inoperable, and the other not viable for potable needs. A new well must tap into
either a deeper, uncontaminated layer of groundwater or a different, uncontaminated pocket of
groundwater. An exhaustive 2012 hydrogeological report, the East Orosi Well and Pipeline
Design and Environmental Documents Projects [1], has revealed a viable well location
approximately two (2) miles southwest of East Orosi. The location has a quality-compliant
drinking water supply for East Orosi in an amount sufficient to both meet East Orosi’s needs
and, if desired, to provide a supplemental water source for Orosi.
19

The estimated cost for the construction of the well, well head, well adjacent equipment, piping,
and hydropneumatics tank is $2.8 million. Finalization of documents, permitting, and
construction is estimated to take 16 to 18 months. This will lead to an additional analysis on the
long-term effects on the aquifer and surrounding groundwater. This plan has limited
environmental impacts, other than the associated embodied carbon created through well
construction of roughly 43,000 pounds of embodied carbon (Appendix D-2). There is a
possibility of receiving political push back as a result of the Sustainable Groundwater
Management Act; SGMA [23]. SGMA mandates that the New Well Facility will not alter any
current groundwater usage. A groundwater and environmental impact report is required to make
this determination, and the findings must be presented to the State Water Board.
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Description of the Pipeline Connection

Figure 7: A section view of the underground pipeline that would be installed between Orange
Cove and East Orosi. This plan shows the depth of the pipeline and the backfill requirements.
Refer to Appendix A-4 for full specification.
The approach to design the Pipeline Connection was a cyclical process of setting base variables,
modeling a functioning system, and seeking optimization points. A cyclical process allowed for
working designs to be created while base variables were still in fluctuation. The multiple ideas
and possibilities discussed in the analysis of alternatives is what was produced and tested through
the many iterations of design.
The complete design includes three 5 horsepower (hp) centrifugal pumps for daily water usage, a
27 hp centrifugal pump for fire flow, a hydropneumatic tank, a 100,000 gallon ground level tank,
and roughly 40,000 ft of ten (10) inch ductile iron pipe. The daily water usage pumps had a flow
curve that put them at 30 psi at their max flow of 140 gallons per minute and at 60 psi at
21

minimum flow. With three (3) pumps in parallel, the pumps rarely are at their maximum capacity
considering current water estimates. Tripling the average flow, the pumps still only reach a flow
of 60 gpm per pump which has a pressure of 55 psi. This 55 psi at the water treatment center
translates to 75 psi at the user as additional pressure is created from the drop in elevation. At
double water usage, the end user is still seeing water pressure at 60 psi at peaks. This means that
without even adding an additional pump, the pumping system is capable of meeting double water
usage while maintaining desirable pressures. The 10,000 gallon hydropneumatic tank is set for a
range of 50 to 60 psi. The 10 inch ductile iron pipe is class 50 AWWA C151 with 37 feet restrain
joints at 90 degree changes, based on Fresno area recommendations [14]. The final estimated
cost for this project is $4,250,000, and the breakdown of this cost can be seen in Appendix B-2.
The expense for this project is the pipeline itself that costs over $3,700,000, which is 88% of the
total cost. The timeline for construction is roughly one (1) year after permitting and design have
been completed.
The scaling up for the 50 year population growth would require an additional three 5 hp
centrifugal pumps. These pumps would keep the pressure at 48 psi at peak water usage, but even
when one (1) pump is off, the system would maintain a pressure above the 40 psi minimum. The
estimated cost for this renovation and additional tank is estimated at $430,000 which is only 10%
of the initial project cost. The timeline for this addition is two (2) months.
One of the site-specific problems faced by this solution is that the original pipeline design
crossed the Friant Kern Canal, which created risks in construction near an active water way. The
solution to this problem was rerouting the pipeline to avoid any major waterways. The route was
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also set to minimize construction in residential areas as the extra amount of car traffic would
slow down construction.
Connection to the water treatment plant in Orange Cove would require an appropriative right
from the State Water Board. This right would allow the water treatment plant to process the
water required for East Orosi. Before this right is provided, an analysis of the effect of the water
usage on other communities would be required, and this could stall the beginning of
construction. The political pushback from connection to the water treatment plant is unknown,
but it seems unrealistic that this consolidation would be met with no resistance. The team
believes that some form of compensation would be required from East Orosi, which would
decrease opposition. Compensation may come in the form of higher water utility costs for
citizens of East Orosi relative to the Orange Cove community. This additional money could then
be used to improve water treatment to increase the quality of water for both communities.
An additional design-specific issue relates to environmental concerns. These concerns are
focused on the large amount of embodied carbon created through production of the pipeline and
construction phase that totals roughly 550,000 pounds of embodied carbon (Appendix D-3).
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Description of the Water Treatment Plant Facility

Figure 8: The Water Treatment Plant Facility hinges upon the presence of the ion exchange
system. This image depicts one (1) ion exchange column. The column removes ionic
contamination in groundwater to make it potable for the residents of East Orosi.
The design of the proposed Water Treatment Plant Facility began with obtaining data on East
Orosi’s operable groundwater well. The State Water Board 2019 Consumer Confidence Report
provided the information that was the basis of this design. It showed that there was a need for ion
removal and disinfection systems. The ionic contaminants (nitrate, barium, and perchlorate)
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would be removed through an ion exchange process. In addition to removing the contaminants of
concern, the ion exchange system will remove excess hardness and other less problematic
contaminants found in the groundwater [9]. The disinfection process the team proposes is
chlorination. Disinfection is necessary as it inactivates the coliform bacteria detected in East
Orosi’s water and eliminates any possible waterborne illness in that water. It is important to note
that groundwater lacks often suspended solids and dissolved natural organic matter, and
therefore, it often does not require the same treatment processes as surface water, such as
coagulation, flocculation, and filtration systems.
As discussed in the Water Treatment Plant Facility Analysis of Alternatives section, the team
chose to design a separate resin ion exchange system. The system is based on the removal of
contaminants reported in the groundwater. These values can be found in Table 2.
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Table 2: List of contaminants and concentrations found present in East Orosi’s groundwater well
as reported by the State Water Board 2019 Consumer Confidence Report [9]. Also listed is
whether each contaminant is a cation or anion.

Contaminate

Concentration

Ion Type

Sodium

25 ppm

Cation

Calcium

70 ppm

Cation

Magnesium

20 ppm

Cation

Barium

5.54 ppm

Cation

Radium

0.3 pCi/L

Cation

Iron

0.08 ppb

Cation

Chloride

26 ppm

Anion

Sulfate

43 ppm

Anion

Perchlorate

5.1 ppb

Anion

Fluoride

0.15 ppm

Anion

Nitrate

12 ppm

Anion

Uranium

1.5 pCi/L

Anion

The principles of ion exchange are based on the exchange of the presaturant ion (sodium for
cation exchange, and chloride for anion exchange resins) with ions present in water. A
multicomponent equilibrium calculation determined that magnesium is the governing cation (i.e.,
magnesium occupies the highest concentration of exchange sites on the cation exchange resin), at
303 liters of water per liter of cation exchange resin, and that nitrate is the governing anion, at
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465 liters of water per liter of anion exchange resin. The full calculations can be found in
Appendix C.
The population of East Orosi requires water at a flow rate of 250 gpm. According to the resin
manufacturer, the system requires a service flow rate of 10 gpm per ft3 of the resin bed [2 & 17].
Given the flow rate at East Orosi can, a 50 ft3 bed of resins is proposed. To size the exchange
columns there were two important criteria: there must be at least two (2) ft of resin per
manufacturer’s recommendation, and columns generally are taller than they are wide. A Mathcad
file was created to simplify the iteration process as the team was finding the optimal exchange
column size (Appendix C-3). Table 3 reports the final dimensions. After the research and design
phases, the team drafted the column in AutoCAD. See Appendix A-5 for the full drawing.
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Table 3: The dimensions of the typical ion exchange column.

Resin Depth

4 ft

Surface Area

6.25 ft2

Column Diameter

2 ft

Service Area

3.14 ft2

Side Wall Height

6.7 ft

Volume of a Single Column

12.5 ft3/BV

Number of Columns

4 total (of each type)

The dimensions of the columns result in the breakthrough of the magnesium and nitrate after 3.7
and 5.8 hours, respectively. The operation of columns can be staggered such that the water needs
of East Orosi are always met.
When the resin exchange beads are exhausted, a brine (sodium chloride) solution will be run
through the column to regenerate the resin. The high concentration of brine exchanges the
adsorbed ions and regenerates the exchange resin beads to their original state. The manufacturer
specifies that the cation exchange resin beads require a brine solution with 10% NaCl
concentration. Anion resin exchange beads require a 2% NaCl concentration [2 & 17]. The
regeneration process will take a total of 13 minutes for both types of exchange resins. Over the
course of one year, the system will require 1,251,500 pounds of NaCl salt. The disposal of the
saltwater creates an important environmental issue, as the concentration of salt is high enough,
such that that it cannot be treated on site. An independent waste disposal company must be
contracted to dispose of the used regeneration solution.
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The ion exchange system is followed by disinfection. The team determined that a contact time of
10 minutes is needed when designing for a four (4) log inactivation of viruses that is necessary
for groundwater. The system consists of a chlorine solution holding tank, a chemical pump
injector, and a contact tank. Once sufficient contact has been established, the water is potable and
flows to the treated water tank.
Overall, the Water Treatment Plant Facility design proposes that water is pumped from the
current well, sent to a tank holding, then directed to the treatment facility, and finally held in a
tank providing a one (1) day supply of treated water. The proposed site location, (Figure 9), is a
small plot of land located on the west side of East Orosi. Land acquisition may be an issue, and
eminent domain may be required to acquire it. The site was chosen because it is the only plot of
unused land large enough to house the entire facility. Special consideration will have to be taken
during construction as the plot is near an open waterway.
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Figure 9: The proposed location of all major components in the Water Treatment Plant Facility.
Note that the design is utilizing the water distribution system currently in place.
The team roughly estimated that this proposed solution would cost $7.3 million and take 5.5
years to complete. The schedule includes one (1) year of permitting to be initiated at the very
beginning of the design phase. In regards to environmental impacts, there is a concern of
overdrawing water from the aquifer. The team suggested that a detailed hydrogeologic study be
completed on the well. The construction process and first year of operation is estimated to
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produce nearly two (2) million lbs of embodied carbon (Appendix D-4). Despite that, the Water
Treatment Plant Facility design offers a stable water supply that is politically very possible for
East Orosi. The locality of the solution means that there will not be push back from the
neighboring communities who are opposed to any consolidation measures.
Analysis of Cost and Schedule
A cost estimate and schedule were produced for each of the proposed solutions. Table 4 shows
the cost of constructing each solution and the cost for one (1) year of operation. Note that the
Pipeline Connection has an additional cost when considering scaling up the facilities for
population growth. This is assuming that no private land will have to be purchased for the
pipeline. The Water Treatment Plant Facility also makes an assumption about the land: $100,000
was set aside for the acquisition of a plot of land to be acquired through eminent domain. All
estimates were compiled using RSMeans and Cost and Performance Report from the U.S.
Department of Defense [7]. All detailed cost estimates can be found in Appendix D-4.
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Table 4: Immediate and annual cost associated with each proposed solution.

Project Type

Implementation Cost

Operation Costs

Bulk Water
Injection System

$460,000

$60,000 (annual operator
cost)

New Well Facility

$2,800,000

$2,700 (annual cost of
pumping water)

Pipeline Connection

$4,250,000
(plus $500,000 addition for large
population increase)

$2,700 (annual cost of
pumping water)

Water Treatment
Plant Facility

$5,300,000

$2,000,000

The schedule of both the Bulk Water Injection System and the New Well Facility are driven by
permitting approval. Once approved, the Bulk Water Injection System can be implemented
within eight (8) months, while the well construction will take approximately 16 to 18 months.
(Appendix F-1/F-2). For the Pipeline Connection, the pipe installation drives the schedule. That
work can be completed simultaneously with the additions to the Orange Cove Water Treatment
Plant (Appendix F-3). For the Water Treatment Plant Facility, it is essential that prefabricated
components are ordered early so that they do not delay the construction. One (1) year was set
aside for the procurement of these items and this is to happen as soon as construction
commences, see Appendix F-4.
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Table 5: Estimated design and construction schedule for each proposed solution.

Project Type

Estimated Schedule of Implementation

Bulk Water Injection System

Eight (8) Months

New Well Facility

16 to 18 months

Pipeline Connection

One (1) year

Water Treatment Plant Facility

5.5 years

Conclusion
The criteria for choosing the best solution for this project include examining the schedule, cost
estimate, reliability, constructability, sustainability, feasibility, and political resistance. For
scheduling, the massive differences in project times made quantifications simpler than other
criteria, but the likelihood of delays was still included in the analysis.
The construction of the Bulk Water Injection System is estimated to take eight (8) months.
However, the process will be limited by legislative hurdles and could take up to a year depending
on how the water is appropriated. The New Well Facility design will need to pass SGMA criteria
and could take up to two (2) years to implement. The Pipeline Connection is estimated to take
one (1) year post permitting. The permitting period may be extended by Orange Cove if they
resist the implementation. The solution with the longest construction time is the Water Treatment
Plant Facility, which will take roughly six (6) years to implement. This timeline takes into
account the completion of all design aspects, permitting, testing, and construction.
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Similar to the schedule, cost estimates were based on a combination of quantified data and
possible unknown costs. The fixed costs of the Bulk Water Injection System is estimated to be a
total of $182,000. The New Well Facility is projected to cost $2.8 million. The Pipeline
Connection is estimated to cost $4.2 million. Lastly, the Water Treatment Plant Facility will cost
approximately $7.3 million.
For reliability and constructability, Bulk Water Injection System is the most feasible alternative,
as it only needs a storage container and injection equipment. Since groundwater wells are
common in the Valley, the construction process of a new well would be standard. The well is
very feasible considering the availability of an uncontaminated aquifer. The Pipeline Connection
would have a high reliability and constructability as these too follow typical standards. Finally,
while the Water Treatment Plant Facility is a massive construction undertaking, the end product
is very reliable.
For sustainability, Bulk Water Injection System would produce 150,000 lbs of embodied carbon
over a two (2) year period. The New Well Facility was the most sustainable alternative from an
environmental perspective, producing 43,000 lbs of embodied carbon. The Pipeline Connection
produces an estimated 500,000 lbs of embodied carbon that is generated during the construction
phase. The Water Treatment Plant Facility generates roughly 2,000,000 lbs of embodied carbon.
This includes the embodied carbon associated with one (1) year of salt needed to regenerate the
ion exchange columns.
For feasibility and political resistance, it is important to note that although there is a push to get
all Californians access to clean water, there is no legislation mandating that the State provides
that water. Without funding from the State to support the immediate relief plan, Bulk Water
34

Injection System is not feasible. For the New Well Facility, funds have already been allocated by
the Federal government, but additional testing is required. Political feasibility for the Pipeline
Connection is a major weakness, as there has been limited conversation between the
communities. While the Water Treatment Plant Facility is not an easily implemented solution, it
is politically the most feasible alternative, as it keeps the solution within the community.
The best solution, based on the team’s criteria, is the Bulk Water Injection System. The ability to
be implemented immediately and the quick return on investment makes this option the best for
East Orosi’s needs. The bulk water injection system, however, is only intended to be a short-term
solution as it does not allow the community to become self-sufficient. The New Well Facility is
the best long-term solution with its comparatively low cost and limited possibility for political
push back. There are undeniable benefits to each solution, and they are all possible solutions to
the water crisis. All proposed solutions are centered around social justice as providing the East
Orosi community with clean drinking water promotes human dignity. Ultimately, leaders of East
Orosi and the State must determine which solution is most appropriate for the community based
on all available information.
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APPENDIX D-1: Bulk Water Injection System Embodied Carbon Calculation

Immediate Relief Plan
MPG

Miles Round
Trip

Trips Per Day

lb of CO2/ lb of material

Yearly CO2

4

2

8

6.4

409.6

Embodied Carbon (lbs)

149504

APPENDIX D-2: New Well Facility Embodied Carbon Calculation

Well
Material

Water Capacity
(gal/ft)

Ductile Iron Pipe

1.6

Time
Auger Fuel
Expenditure

Weight (lbs/ft) lb of CO2/ lb of material
8360

gallons per hour lb of carbon/ gal
40

Foundation

10

cy of material
Concrete

2.7

22572

Total Co2 (lbs)
22.4

lb of co2/ cy of material
12

Total CO2 (lbs)

8960

Total CO2 (lbs)

926

11112

Embodied Carbon (lbs)

42644
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APPENDIX D-3: Pipeline Connection Embodied Carbon Calculation

Pipeline Connection

Material
Pipeline

lb of material

Ductile Iron Pipe
Tank

Foundation

2.7

432000

8847

2.7

23887

lb of co2/ cy of material

25.65

Time

Total CO2 (lbs)

160000

cy of material
Concrete

Excavation

lb of CO2/ lb of material

926

gallons per hour lb of carbon/ gal

Total CO2 (lbs)
23752

Total Co2 (lbs)

800

1.2

22.4

21504

80

1.2

22.4

2150.4

2462

0.6

22.4

33083

Backfill

80

1.2

22.4

2150.4

Compaction

80

0.5

22.4

896

Embodied Carbon (lbs)

539423

Rockfill
Pipe Installation
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APPENDIX D-4: Water Treatment Plant Facility Embodied Carbon Calculation
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APPENDIX E: CENG 192 ENVIRONMENTAL IMPACT REPORT
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APPENDIX F-1: Schedule of the Bulk Water Injection System

Bulk Water Injection System Schedule
Phase

Task

Time (Months)

Permitting Phase
Request

1

Public Notice

3

State Water Board Water Allocation

2

Truck Acquisition & Construction Phase
Truck Acquisition

1

Pipeline Construction/Interconnection

1

Total Length

8

APPENDIX F-2: Schedule of the Well Construction

Well Schedule
Phase

Task

Time (Months)

Design Phase
Hydrogeologic Study

8

Detailed Well Design

6

Request

1

Public Notice

3

State Water Board Water Allocation

2

Permitting Phase

Construction Phase
Well Drilling

1

Pipeline Construction/Interconnection

2

Total Length

17
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APPENDIX F-3: Schedule of the Pipeline Connection
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APPENDIX F-4: Schedule of the Water Treatment Plant Facility
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APPENDIX G-1: Pipeline Watergems Analysis

G-1

Analysis of flow being supplied by pumping station and pressure at farthest user based on
current water usage and initial pump system.

G-2

Analysis of flow being supplied by pumping station and pressure at farthest user based on future
population water usage and upgraded pump system.
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2019 Consumer Confidence Report
Water System Name:

EAST OROSI

#5401003

Report Date:

JULY 1, 2020

We test the drinking water quality for many constituents as required by State and Federal Regulations. This report shows
the results of our monitoring for the period of January 1 2019- December 31, 2019.
Este informe contiene información muy importante sobre su agua potable. Tradúzcalo ó hable con alguien que lo

entienda bien.
Type of water source(s) in use:
Name & location of source(s):

WATER WELL

West Well on Road 136 – Iona Road Well

Drinking Water Source Assessment information:

Information In Office

Time and place of regularly scheduled board meetings for public participation:
For more information, contact: Ralph Gutierrez

Phone: ( 559 ) 901-6097

TERMS USED IN THIS REPORT:
Maximum Contaminant Level (MCL): The highest
level of a contaminant that is allowed in drinking water.
Primary MCLs are set as close to the PHGs (or MCLGs)
as is economically and technologically feasible.
Secondary MCLs are set to protect the odor, taste, and
appearance of drinking water.
Maximum Contaminant Level Goal (MCLG): The
level of a contaminant in drinking water below which
there is no known or expected risk to health. MCLGs
are set by the U.S. Environmental Protection Agency
(USEPA).
Public Health Goal (PHG): The level of a contaminant
in drinking water below which there is no known or
expected risk to health. PHGs are set by the California
Environmental Protection Agency.
Maximum Residual Disinfectant Level (MRDL):
The level of a disinfectant added for water treatment that
may not be exceeded at the consumer’s tap.
Maximum Residual Disinfectant Level Goal
(MRDLG): The level of a disinfectant added for water
treatment below which there is no known or expected
risk to health.
MRDLGs are set by the U.S.
Environmental Protection Agency.

Primary Drinking Water Standards (PDWS): MCLs and
MRDLs for contaminants that affect health along with their
monitoring and reporting requirements, and water treatment
requirements.
Secondary Drinking Water Standards (SDWS): MCLs for
contaminants that affect taste, odor, or appearance of the
drinking water. Contaminants with SDWSs do not affect the
health at the MCL levels.
Treatment Technique (TT): A required process intended to
reduce the level of a contaminant in drinking water.
Regulatory Action Level (AL): The concentration of a
contaminant which, if exceeded, triggers treatment or other
requirements that a water system must follow.
Variances and Exemptions: Department permission to
exceed an MCL or not comply with a treatment technique
under certain conditions.
ND: not detectable at testing limit
ppm: parts per million or milligrams per liter (mg/L)
ppb: parts per billion or micrograms per liter (ug/L)
ppt: parts per trillion or nanograms per liter (ng/L)
pCi/L: picocuries per liter (a measure of radiation)

eee
The sources of drinking water (both tap water and bottled water) include rivers, lakes, streams, ponds, reservoirs, springs,
and wells. As water travels over the surface of the land or through the ground, it dissolves naturally-occurring minerals
and, in some cases, radioactive material, and can pick up substances resulting from the presence of animals or from human
activity.
Contaminants that may be present in source water include:

2006 SWS CCR Form
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Microbial contaminants, such as viruses and bacteria, that may come from sewage treatment plants, septic systems,
agricultural livestock operations, and wildlife.
Inorganic contaminants, such as salts and metals, that can be naturally-occurring or result from urban stormwater runoff,
industrial or domestic wastewater discharges, oil and gas production, mining, or farming.
Pesticides and herbicides, that may come from a variety of sources such as agriculture, urban stormwater runoff, and
residential uses.
Organic chemical contaminants, including synthetic and volatile organic chemicals, that are byproducts of industrial
processes and petroleum production, and can also come from gas stations, urban stormwater runoff, agricultural
application, and septic systems.
Radioactive contaminants, that can be naturally-occurring or be the result of oil and gas production and mining
activities.

In order to ensure that tap water is safe to drink, the USEPA and the state Department of Health Services (Department)
prescribe regulations that limit the amount of certain contaminants in water provided by public water systems. Department
regulations also establish limits for contaminants in bottled water that must provide the same protection for public health.
Tables 1, 2, 3, 4, and 5 list all of the drinking water contaminants that were detected during the most recent sampling
for the constituent. The presence of these contaminants in the water does not necessarily indicate that the water poses a health risk.
The Department allows us to monitor for certain contaminants less than once per year because the concentrations of these contaminants
do not change frequently. Some of the data, though representative of the water quality, are more than one year old.
TABLE 1 - SAMPLING RESULTS SHOWING THE DETECTION OF COLIFORM BACTERIA
Microbiological
Highest No.
Contaminants
of detections
(to be completed only if there
was a detection of bacteria )
Total Coliform Bacteria
Fecal Coliform or E. coli

(In a mo.)
0
(In the year)
0

No. of
months
in
violation

MCL

MCLG

1

More than 1 sample in a month
with a detection
A routine sample and a repeat
sample detect total coliform
and either sample also detects
fecal coliform or E. coli

0

Naturally present in the environment

0

Human and animal fecal waste

0

Typical Source of Bacteria

TABLE 2 - SAMPLING RESULTS SHOWING THE DETECTION OF LEAD AND COPPER
Lead and Copper
(to be completed only if there
was a detection of lead or
copper in the last sample set)

No. of
samples
collected

90th
percentile
level
detected

Lead (ppb)

No. sites
exceeding
AL

AL

PHG

No. of
Schools
Requesting

Lead
Sampling

0

15

0.2
0

7/312019
9/30/2019
Copper (ppm)
7/31/2019
9/30/2019

10

ND

10

.13

Typical Source of
Contaminant

0

1.3

.3
N/A

Internal corrosion of household
water plumbing systems;
discharges from industrial
manufacturers; erosion of
natural deposits
Internal corrosion of household
plumbing systems; erosion of
natural deposits; leaching from
wood preservatives

TABLE 3 - SAMPLING RESULTS FOR SODIUM AND HARDNESS
Chemical or Constituent
(and reporting units)

Sample
Date

Level
Detected

Range of
Detections

MCL

PHG
(MCLG)

Typical Source of Contaminant

Sodium (ppm)
5/22/2019
25
N/A
none
none
Generally found in ground & surface water
Hardness (ppm)
5/22/2019
260
280
none
none
Generally found in ground & surface water
*Any violation of an MCL or AL is marked with an asterisk. Additional information regarding the violation is provided later in this report.
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TABLE 4 - DETECTION OF CONTAMINANTS WITH A PRIMARY DRINKING WATER STANDARD
Chemical or Constituent
(and reporting units)
Nitrates ppm

Flouride ppm

Sample
Date

Level
Detected

Range of
Detections

MCL
[MRDL]

1st, 2nd,
3rd, 4th
Qtrs

10.1

8.9 - 12

10

5/22/2019

.13

.15

2.0

PHG
(MCLG)
[MRDLG]

Typical Source of Contaminant

Runoff and leaching from fertilizer use;
leaching from septic tanks and sewage;
erosion of natural deposits
1

Erosion of natural deposits; water
additive that promotes strong teeth;
discharge from fertilizer and aluminum
factories
Perchlorate has been shown to interfere
with uptake of iodide by the thyroid
gland, and to thereby reduce the
production of thyroid hormones, leading
to adverse affects associated with
inadequate hormone levels. Thyroid
hormones are needed for normal prenatal
growth and development of the fetus, as
well as for normal growth and
development in the infant and child. In
adults, thyroid hormones are needed for
normal metabolism and mental function.

Perchlorate
12/18/19

5.1

5.1

8/29/18

5.54

5.54

1.5

Gross Alpha PCi/L

4/3/19

5.54

5.54

15

Uranium pCi/L

7/22/15

1.5

1.5

20

.043

Erosion and natural deposits

Radium 226

1st & 2nd
Qtr

.86

.62 – 1.11

5

5

Erosion and natural deposits

1.89

.189

5

5

.30

.28 - .032

5

5

Barium ppm

Radium 228
12/23/19
Total Radium

2

Discharge of oil drilling wastes and
from metal refineries; erosion of
natural deposits
Erosion of natural deposits

Erosion and natural deposits
1st, 2nd Qtr

Erosion and natural deposits

TABLE 5 DETECTION OF CONTAMINANTS WITH SECONDARY DRINKING WATER STANDARD
Sample
Date

Level
Detected

Range of
Detections

MCL

3/22/19

43

43

500

Runoff/leaching from natural
deposits industrial wastes

Total Dissolved Solids
(TDS) ppm

3/22/19

400

400
1000

Runoff/leaching from natural
deposits

Specific Conductance
uS/cm

3/22/19

1600

Substances that form ions when in water;
seawater influence

Chemical or Constituent
(and reporting units)

PHG
(MCLG)

Sulfate ppm

610

610

4/3/19

26

26

500

Runoff/leaching from natural deposits;i
seawater influence

4/3/19
12/23/19

.080
.018

ND
.035

300

Leaching from natural deposits;industrial
wastes

Chloride ppm
Iron ppb

Typical Source of Contaminant

TABLE 6 – From Distribution System
Chemical or Constituent
(and reporting units)
TTHMs (Total
Trihalomethanes ppb
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Sample Date
5/24/19

Level
Detected
3.2

Notification
Level
80

Health Effects Language
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